lmmunocytochemical methods were used to reveal new details of the distribution and plasticity of GABA, receptors in the visual cortex of adult monkeys; the findings were compared with those of autoradiographic experiments involving the binding of 3H-muscimol and 3H-flunitrazepam. In both areas 17 and 18, a monoclonal antibody to the purified GA-BA, complex produced staining of punctate profiles in the neuropil and around cell bodies and large processes in layers I-VI. The receptor immunostaining was relatively intense in layers ll-lll, IVA, lVC& and VI; these alternated with lightly stained layers I, IVB, IV&, and V. In area 18, the laminar pattern was similar except that layer IV was split into a superficial, lightly stained half and a deep, intensely stained half. In sections cut parallel to the pial surface, receptor distribution in most layers was found to be uniform. There were 3 exceptions in area 17: (1) patches of intense receptor staining were present in layers II and Ill; (2) a widely spaced, irregular lattice of intense staining was found in layer IVA; and (3) a much finer, regular lattice was present in layer IVC. The patches in layers ll-lll and the lattice in layer IVA coincided precisely with regions of intense cytochrome oxidase (CO) staining. The binding of 3H-muscimol and 3H-flunitrarepam revealed a laminar pattern that was similar in most respects, including greater ligand binding in layer IVA of area 17, but showed no evidence of the sublaminar organization in layers IVA and lVC& Inhomogeneities in receptor immunostaining but not ligand binding were also seen in layer Ill of area 18. Following a 5 or 10 d period in which intravitreal injections of TTX had silenced ganglion cell activity in one retina, GA-BA, receptor immunostaining in layer lVC@ was distributed in intensely stained stripes, 450-550 Km wide, that alternated with narrower, lightly stained stripes. Stripes were also seen with receptor immunostaining and with the binding of the 2 radioligands in layer IVCD of monocularly enucleated monkeys. Comparison with CO staining revealed that the stripes of reduced immunostaining or ligand binding corresponded to columns dominated by the TTX-injected or enucleated eye. Quantitatively, the binding in the deprived eye columns was reduced by 25%. These findings indicate that the distribution of GABA, receptors in monkey area 17 closely matches the previously reported distribution of cells and axon terminals immunoreactive for GABA and suggest that GABA, receptors in adult monkeys undergo a rapid, activitydependent change in density or structure with monocular deprivation.
One out of 5 neurons in area 17 of the cerebral cortex of normal adult monkeys is GABA immunoreactive (Fitzpatrick et al., 1987; Hendry et al., 1987) . Although present in all layers of area 17, the cell bodies and terminals of these neurons are most densely concentrated in layers receiving direct connections from the dorsal lateral geniculate nuclei (Hendrickson et al., 1981; Fitzpatrick et al., 1987; Hendry et al., 1987) . Thus, the GABA neurons are in a position to influence the first stages of visual processing within the cerebral cortex. A combination of physiological and pharmacological approaches indicates that this influence is inhibitory when mediated by the bicuculline-sensitive GABA, receptor (Krnjevic, 1984; Sillito, 1984) .
The GABA, receptor is a complex that is coupled to a chloride channel and includes binding sites for benzodiazepines and barbiturates (Olsen, 198 1, 1982; Bowery et al., 1984; Tallman and Gallagher, 1985; Kuriyama and Taguchi, 1987) . Because the receptor is involved with inhibitory synaptic transmission throughout the CNS (Bowery, 1983; Johnston et al., 1984; Roberts, 1986) , its distribution in the mammalian brain has been closely examined Kuhar, 1979, 1980; Richards et al., 1984 Richards et al., , 1987 Houser et al., 1988) . In area 17 of monkeys, the distribution of autoradiographically localized GABA, receptors in many respects matches the distribution of GABA neurons (Shaw and Cynader, 1986; Rakic et al., 1988) . However, with the limited resolution ofthe ligand binding method, GABA, receptor distribution has not been fully determined for sublaminar regions with elevated GABA terminal density, including the patches of cytochrome oxidase (CO) staining in layers II and III and the honeycomb of CO staining in layer IVA (Hendrickson et al., 198 1; Fitzpatrick et al., 1987) .
In the present study we have used a monoclonal antibody to localize immunocytochemically GABA, receptors in areas 17 and 18 of macaque monkeys and have compared the results with patterns produced by the binding of the GABA agonist, 3H-muscimol, and the benzodiazepine, 3H-flunitrazepam. Pre-vious studies using this approach in other species and in other parts of the brain have found similar distributions of immunocytochemically and autoradiographically localized receptors (Schoch et al., 1985; Richards et al., 1987; Houser et al., 1988) , but have reported a more detailed pattern with immunocytochemistry. We have examined the distribution of GABA, receptors in normal monkeys and in monkeys deprived of input from one retina, either by the intravitreal injection ofthe sodium channel blocker, TTX, or the surgical removal of one eye. These latter experiments were prompted by studies which showed that the immunostaining for GABA and for its synthesizing enzyme, glutamate decarboxylase (GAD), were reduced within area 17 neurons deprived of their normal visual input (Hendry and Jones, 1986, 1988) . By examining GABA, receptors in monocularly deprived monkeys, we found that, as with GABAitself, the receptors appear to undergo an activity-dependent change in number or structure within deprived-eye columns.
Materials and Methods
Ten adult monkeys (Macaca fa.scicuZaris or Macaca mulatta) weighing 2.5-7.5 kg were used in this study. Six monkeys were used for immunocytochemistry: 3 were normal, 2 had TTX (15 &lO ~1) injected under Ketamine anesthesia into the vitreous cavity of 1 eye 5 d (single injection) or 10 d previously (2 injections, 5 d apart) and 1 had 1 eye removed under barbiturate anesthesia 1 week prior to death. All these monkeys were given overdoses of Nembutal and were perfused through the heart with 4% parafonualdehyde and 0.02-0.05% glutaraldehyde in 0.1 M phosphate buffer. Four other monkeys were used for receptor autoradiography: 2 were normal and 2 had 1 eye removed under barbiturate anesthesia 1 or 2 weeks previously. All were killed by an overdose of Nembutal but were not perfused. The brains were quickly removed, cut into blocks, and frozen in isopentane at -70°C.
Most blocks of aldehyde-fixed occipital lobes were infiltrated with 20% sucrose in phosphate buffer and were frozen on dry ice. Selected blocks of the occipital operculum were flattened before they were frozen. Serial sections, alternating at 20 and 40 Nrn, were cut on a sliding microtome. Other blocks were cut at 20 and 40 pm on a Vibratome. The thicker sections were stained for CO activity (Wong-Riley, 1979) . The thinner sections were pre-incubated in 3% normal horse serum and 0.1% T&on X-100 in 0.1 M phosphate buffer (dilution buffer). They were transferred to a solution containing a monoclonal antibody to the GABA, receptor Vitorica et al., 1988) , diluted 1:250 in dilution buffer, and incubated for 48-72 hr at 4°C. They were subsequently processed by the avidin-biotin-peroxidase method (Hsu et al., 198 1; Vector Labs) and reacted in 3,3'-diaminobenzidine tetrahydrochloride and hydrogen peroxide. Some immunostained sections were counterstained with thionin. Control sections were incubated in normal mouse serum or supematant from a nonsecreting cell line instead of specific antireceptor antibody. The frozen sections were mounted on gelatin-subbed slides, dehydrated, and coverslipped. The Vibratomecut sections were postfixed in 1% osmium tetroxide for 5 min, dehydrated in ethanol, and embedded in Spurr's resin. Pieces of these sections were then resectioned at 1 pm on a Reichert Ultracut ultramicrotome and heat-mounted onto clean slides.
Blocks of fresh-frozen tissue were cut at 20 pm on a cryostat. Sections were stored at -70°C until they were processed for binding of 3H-muscimol (Mower et al., 1986) or 'H-flunitrazepam (Unnerstall et al., 1982) . For muscimol binding, sections were preincubated in 0.3 M Triscitrate buffer (pH 7.1) for 30 min at 4"c, then incubated in 10 nM 3H-methyl-muscimol (New England Nuclear. 20 Ci/mmolj in T&citrate buffe;. For flunitrazepam binding, sections were preincubated in 0.17 M Tris-HCl buffer (pH 7.4) for 10 min at room temperature, then incubated for 40 min at 4°C in 1 nM 3H-methyl-flunitrazepam (Amersham, 90 Ci/mmol). All sections were briefly rinsed (3 lo-set rinses in buffer) at 4"c, dried, and exposed to LKB Ultrofilm together with tritium standards (Amersham). In control experiments for muscimol binding, sections were incubated under the same conditions as above but with the addition of 1 PM unlabeled GABA. Flunitrazepam control sections were processed with 1 PM clonazepam added to the incubation medium. Sections were exposed for 1 or 5 months. The film was then developed and the sections were stained for CO. The autoradiograms were analyzed and compared with the CO staining patterns by using an MCID image analysis system, which allowed the superimposition of the autoradiograms and the histochemically stained sections in order to measure binding in precisely defined layers, sublaminar compartments, and ocular dominance columns.
Results
Cellular localization GABA, receptor immunoreactivity was present through the thickness of area 17 and in the subjacent white matter. Staining of the neuropil was evident in all 6 layers and consisted of rich plexuses of punctate profiles (Fig. 1A) . The pun&ate nature of the staining was particularly evident in the semithin sections. Most of the immunostained profiles were small circular elements, approximately l-2 pm in diameter, but some were larger and irregularly shaped. Embedded in the neuropil, conspicuous by their lack of staining, were the somata of pyramidal and nonpyramidal neurons (Fig. 1A) . The size of the puncta and the intensity of their staining were often greater around the somata and prox'imal dendrites, so that parts of neurons were outlined by the localization ofthe receptors. This was particularly striking in area 18, where intense receptor staining frequently surrounded bundles of radially oriented processes (Fig. 1B) .
In the deepest part of layer VI and more frequently in the underlying white matter, the density of neuropil receptors was sufficiently low that the outlines of single cells, including portions of their dendritic trees, could be traced by the surrounding punctate immunostaining (Fig. lc) . The cells outlined in this manner were invariably nonpyramidal cells with radiating dendrites, similar in morphology to the neuropeptide-immunoreactive neurons previously localized in the white matter subjacent to areas 17 and 18 (Hendry et al., 1984; Kuljis and Rakic, 1989) .
Immunostaining in the control experiments was light and very diffuse.
Laminar distribution Area I7 immunostaining. The intensity of receptor immunostaining varied across layers in area 17; the resulting pattern of immunostaining (Figs. 2A, 3B) was compared with the pattern of CO staining in adjacent sections (Figs. 2B, 3C) and with the pattern of GABA immunostaining (Fig. 2C ). As judged from relative levels of immunoreactivity, receptor density in layer I was moderate while that in layers II and III was high. However, the intensity of receptor immunostaining was greater in layer II and declined progressively through the thickness of layer III. Layer IV was split into 4 bands of staining: receptor immunostaining was very intense in layer IVA, very light in layer IVB, light-to-moderate in layer IV&, and very intense in layer IVC& Underlying layer IVCp was a lightly immunostained layer V, and a relatively intensely stained layer VI (Fig. 3B ). Near the border with the underlying white matter, the density of receptors declined markedly, yet for approximately 1 mm deep to the cortex, punctate receptor staining was still apparent either around individual cell bodies and dendrites or scattered diffusely.
Area 18 immunostaining. The intensity of GABA, receptor immunoreactivity also varied in area 18 (Fig. 3) . Relatively intense staining was found in a superficial band, which included layers I, II, and superficial III. The remainder of layer III and the superficial half of layer IV were lightly stained. Intense im- Figure 1 . High magnification photomicrographs of GABA, receptor immunostaining in areas 17 and 18. A, Immunostained punctate profiles, which are likely to be aggregates of receptors, surround circular unstained regions (arrows) in layers II and III of area 17. The unstained regions were identified as neuronal cell bodies in counterstained sections. B, Immunostained puncta in layer III of area 18. The puncta surround radially oriented processes in this layer and in the superficial half of the layer IV. C, Immunostaining deep in layer VI and in the subjacent white matter ( WM) of area 17. The density of stained puncta at this depth is relatively low, so that the outlines of individual somata (arrow) and their processes are apparent. Scale bars, 15 pm in A and C', 20 pm in B.
munostaining was found in the deep half of layer IV and moderate staining was found in layer VI. Between them was the lightly stained layer V. Thus, the receptor patterns in areas 17 and 18 differed .principally in layer IV (Fig. 3B) . This difference was sufficient for the border between the 2 areas to be clearly marked (Fig. 3, B, CT) .
Radioligand binding. The laminar distribution of radiolabeled GABA, receptors in area 17 was similar to the distribution of immunostained receptors. Variations in the density of 3H-muscimol and 3H-flunitrazepam binding were apparent across layers I-VI and included a band of increased 3H-muscimol binding in layer IVA (see Fig. 9A ). In area 18 the pattern of 3H-flunitrazepam binding closely resembled the distribution of immunostained receptors. The 3H-muscimol binding was denser in layers II and III than in other layers (see Fig. 90 ).
Intralaminar patterns of receptor density
The immunostaining for GABA, receptors formed distinct patterns within 3 regions of area 17 and in 1 layer of area 18.
Layer II-ZZZ patches. In layers II and III of area 17, periodic high intensities of receptor immunoreactivity occupied patches that measured 150 x 250 pm (Fig. 4) . In sections cut parallel to the pial surface, the patches lined up in rows with a centerto-center spacing of 350-550 pm (Fig. 4A) . Comparison with adjacent sections histochemically stained for CO (Fig. 4B ) revealed that the receptor patches coincided with the periodic patches of high CO staining, which have also been called puffs (Carroll and Wong-Riley, 1984) , blobs (Livingstone and Hubel, 1984a, b) , or dots (Hendrickson et al., 1981) . Approximately Y4 of the CO-stained patches coincided with patches intensely immunoreactive for GABA, receptors. Those CO patches that coincided with regions of light receptor immunostaining formed no obvious pattern. Many immunoreactive pun&ate profiles within regions corresponding to the CO patches appeared to be larger and more intensely stained than the profiles of the surrounding interpatch regions. However, even with the improved resolution of semithin sections, it could not be determined whether an increase in the overall density of punctate profiles also contributed to the increase in immunostaining.
Layer IVA honeycomb. In layer IVA of area 17, intense GABA, receptor immunostaining formed a conspicuous honeycomb pattern (Fig. 5) . This pattern consisted of cores with a low density of puncta surrounded by walls with a high density. The cores were of irregular shape and size, with the largest approaching 300 pm in diameter. They contained unstained somata invested by small immunoreactive puncta (Fig. 5c) . Around the cores were walls that varied in thickness from 10 to 40 pm. Laminar distribution of GABA, receptor immunostaining (A) and GABA immunoreactive neurons (CL') in area 17. A, Receptor immunostaining is densest in 3 bands which, by comparison with an adjacent section stained for CO (B), can be identified as layers II-III, IVA, and IVC& C, Immunostaining with an anti-GABA antiserum reveals high densities of GABA somata and terminals in these same layers. Scale bar, 100 pm.
By focusing through this intensely stained lattice, it was apparent that each wall consisted of many long strands of puncta stacked one on top of another (Fig. 5C ). Often a single wall was split in 2 by the presence of 1 or more unstained somata and occasionally a few strands of puncta would subdivide a lightly stained core.
The irregular pattern of GABA, receptor distribution in layer IVA was compared with a very similar pattern found with CO staining (Fig. 5, A, B) . Analysis of adjacent sections showed that the receptor pattern and the CO pattern were similar: both formed honeycomb patterns and the walls of intense receptor immunostaining coincided with the walls of intense CO staining. However, the light microscopic appearance of the CO staining was much less punctate.
Layer IVC'lattice. GABA, receptors were also densely packed within a very fine lattice in layer IVCp of area 17 (Fig. 6 ). Rarely were long strands of immunostained puncta present and these did not form an obvious pattern. Instead a meshwork of very short, thin strands and individual puncta invested themselves around numerous small, unstained regions made up of cell bodies and radially oriented processes (Fig. 64. A similar, though less distinct lattice was seen in adjacent CO-stained sections (Fig. 6B) . The fine lattice of receptor immunostaining and of CO staining did not vary in pattern or intensity in tangential sections through layer IVCp of the normal monkeys and so the impression at low magnification was of a uniformly stained layer (Fig. 6, C, D) .
Although the immunostaining of layer IV& was less intense than that of layer IV@, the GABA, receptor immunostaining was nonetheless densest within the walls of a fine lattice, which gave the impression of a homogeneous pattern at low magnification. Area 18. In area 18, the generally light immunostaining in the deep half of layer III and the superficial half of layer IV was interrupted by very thin strands of intensely stained puncta. These were radially oriented and were invariably found on either side of wider (10-l 5 pm) unstained regions. Thus, the appearance in layer III was of GABA, receptors surrounding bundles of apical dendrites and possibly other radially oriented processes (Figs. lB, 3A) .
The distribution of GABA, receptor immunostaining was not uniform in area 18, as regions of relatively intense staining in layers II-III and IV alternated with regions of lighter staining (Fig. 3B) . However, there appeared to be no correlation between the periodic intense immunostaining and the well-known bands of CO staining in this area (Fig. 3C) .
Plasticity of GABA, receptors in area 17
In sections cut either perpendicular or parallel to the pial surface of the occipital lobe of normal monkeys, no periodicities in receptor immunostaining or CO staining were evident in layer IVCP (Fig. 6, C, D) . By contrast, in tangential sections cut from area 17 ofTTX-injected or enucleated monkeys, the distribution of GABA, receptors in layer IVC/3 was distinctly periodic (Fig.  7) . In these monkeys, 450-650 pm-wide stripes of intense immunostaining alternated with lightly stained, narrower stripes (Fig. 7A) . In autoradiograms from enucleated monkeys, stripes displaying the normal high levels of 3H-muscimol or 3H-flunitrazepam binding alternated with stripes of reduced autoradiographic labeling (Figs. 8, 9 ). When the immunoreacted sections or the autoradiograms were compared with adjacent, CO-stained sections (Figs. 7B, 8B, 9B ), the stripes showing intense immunoreactivity or high levels of ligand binding were found to correspond to regions that included all of the stripes intensely stained for CO but these regions also overlapped into the lightly stained CO stripes. The lightly immunostained stripes and the stripes showing lower levels of ligand binding corresponded to the central Y3 of the lightly stained CO stripes. These data demonstrate that receptor immunostaining and ligand binding were at their normal, high levels in normal-eye columns but were reduced in injectedenucleated-eye columns.
The difference in ligand binding was quantified by analyzing sections from normal and enucleated monkeys, which had been processed and exposed simultaneously in the same cassettes (Fig. 9, Table 1 ). The levels of both 3H-muscimol and 3H-flunitrazepam binding in layer IVCP of normal-eye columns were apparently equal to those found throughout layer IVCp of normal monkeys. The binding of both ligands in the adjacent enucleated-eye columns was reduced by 25% (Table 1) .
Examination of sections of layer IVCP from TTX-injected or enucleated monkeys revealed a reduction in immunostaining of deprived columns even at high magnification. However, even with the higher resolution afforded by the semithin sections, it was not apparent whether the staining was reduced because the 5 number of immunoreactive puncta was reduced or because individual puncta were more lightly stained.
Changes in receptor immunostaining were not confined to layer IVCP in TTX-injected or enucleated monkeys. In layer IV&, reduced immunostaining was evident in the columns deprived of normal visual input (lightly stained for CO) while normal levels of immunostaining were found in normal-eye columns (darkly stained for CO; Fig. 7) . In layer IVA, the overall staining of the honeycomb pattern was reduced in deprived-eye columns and remained intense within normal-eye columns. The immunostaining of regions corresponding to the CO patches in Figure 4 . Photomicrographs of tangential sections through layers II and III of area 17. A, Immunostaining for GABA, receptors is inhomogeneous, with patches of intense staining surrounded by regions of lighter staining. B, CO staining in the section adjacent to A reveals the series of intensely stained patches. By superimposing the profiles of the same, radially oriented blood vessels (circles) in the 2 sections, the positions of the immunostained and CO-stained patches can be compared and are found to coincide. Scale bar, 500 pm. layers II-III, IVB, and VI was also changed and was seen as reductions in immunostaining of deprived-eye patches.
Discussion
The improved resolution provided by the immunocytochemical method used in this study revealed several novel features of GABA, receptor distribution in monkey areas 17 and 18. In addition, both the immunocytochemical and the ligand-binding results show that even in adult monkeys the receptors in area 17 are subject to rapid changes with manipulations that eliminate or reduce visually driven activity. 
GABA, receptor distribution
The present immunocytochemical and autoradiographic findings demonstrated high densities of GABA, receptors in layers II and III, in layer IV@, and in layer VI of area 17. This is a similar distribution previously determined with radioligand binding methods (Shaw and Cynader, 1986; Rakic et al., 1988) . In agreement with Shaw and Cynader (1986) we found receptor density in layer IVC@ to be considerably greater than in layer IV&. We also found, however, that immunostained and radiolabeled receptors formed a distinctly intense band in layer IVA, a pattern that was not apparent in previous ligand-binding studies. The similarity in the receptor distribution and the distribution of GABA-and GAD-immunoreactive somata and terminals (Hendrickson et al., 198 1; Fitzpatrick et al., 1987; Hendry et al., 1987) indicates that the mismatch between neurotransmitter and receptor distribution, which is commonly seen in the CNS (Herkenham and McLean, 1986) , is much less evident for the GARA system in monkey area 17. Identical laminar distributions of GABA neurons (Hendry et al., 1987) Figure 6. Photomicrographs of GABA, receptor immunostaining (A and C) and CO staining (B and D) in tangential sections through layer IV of area 17. At high magnification (A) the receptor immunostaining in layer IVCp is seen as a fine, regular lattice in which short, intensely stained strands (arrows) surround groups of unstained somata. CO staining of the same region (B) is also uneven. At low magnification, both the receptor immunostaining (C) and the CO staining (D) in layer IVC are relatively uniform. Profiles of the same radially oriented blood vessels are circled in the 2 micrographs. Layer IVA in both sections (arrows) is also intensely stained for receptors and for CO. Scale bars, 50 pm in A and /3, 300 pm in C and D.
and GABA, receptors in area 18 and in the sensory-motor areas (Huntley et al., in press) also indicate that there is little mismatch in the cerebral cortex as a whole. The very tight correlation between GABA terminal and GABA, receptor distributions does not preclude the possibility that other GABA receptor subtypes may be present in the monkey visual cortex or sensory-motor cortex. However, the correlation indicates that the relative densities of presynaptic terminals and postsynaptic receptors are approximately equal throughout area 17 and the other areas and suggests that no population, restricted to certain layers or to certain compartments, is likely to have transmission mediated only by GABA, receptors.
The patches of intense CO staining in layers II and III of area 17 are regions in which neurons differ physiologically and connectionally from the surrounding cells (Horton and Hubel, 198 1; Livingstone and Hubel, 1982 , 1983 , 1984a Tootell et al., 1988a, b; Ts'o and Gilbert, 1988) . The patches are also chemically distinct (Hendrickson, 1985) . Although GABA somata are no more densely packed in the patches than around them (Fitzpatrick et al., 1987; Hendry et al., 1987) , a distinct population of large GABA terminals is restricted to the patches and allows them to be identified in GAD-or GABA-immunostained preparations (Hendrickson et al., 1981; Fitzpatrick et al., 1987; Hendry et al., 1987) . In addition, subpopulations of GABA Figure 7 . Photomicrographs of tangential sections through layer IVC of a monkey injected intravitreally with TTX 5 d prior to death. A, GABA, receptor immunostaining in layer IVC consists of stripes of intense immunostaining that alternate with stripes of lighter immunostaining. Individual stripes pass through both layer IVCj3 and the more lightly stained layer IV& (between arrows). B, Section adjacent to A stained for CO. Intense staining of normal-eye dominance stripes and light staining for injected-eye stripes are evident. Comparison of the profiles of radially oriented blood vessels (circles) shows that the receptor immunostaining in the injected-eye columns is reduced relative to that in the normal-eye columns. Scale bar, 500 pm. neurons in the patches are distinguished by the presence of specific surface antigens and of certain neuropeptides (Hendry et al., 1988a, b) .
The findings of the present study indicate that immunostained puncta, which most likely correspond to aggregates of GABA, receptors, are either more numerous or more immunoreactive (possibly because they are larger) in the patches than around them. The difficulty we and others have had in demonstrating increased ligand binding in the patches is probably caused by the lower resolution of this method in comparison with that obtained with immunocytochemistry. An increased number of receptor aggregates in the patches might indicate that the large GABA terminals there give rise to a greater number of synaptic contacts with a correspondingly larger number of receptors. However, electron microscopic observations indicate that the percentage of symmetric contacts, presumably formed by GABA terminals, is the same within the patches as outside them (Carroll and Wong-Riley, 1984) . A second possibility, that of increased immtmoreactivity of individual receptors, would suggest that GABA terminals in the patches are apposed synaptically to larger receptor aggregates or to aggregates containing a greater concentration of receptor protein.
The intense GABA, immunostaining in layer IVA of area 17 forms a honeycomb pattern identical to the pattern of CO staining (Livingstone and Hubel, 1982; Humphrey and Hendrickson, 1983; Horton, 1984) and to the distribution of geniculocortical axon terminals (Hendrickson et al., 1978; Livingstone and Hubel, 1982; Blasdel and Lund, 1983; Itaya et al., 1984) . The walls of the honeycomb not only display intense immunostaining for GABA, receptors but also contain a very high density of GADpositive terminals (Fitzpatrick et al., 1987) . Thus the presence of intense GABA, immunostaining in this layer IVA pattern, as well as in layers IVC and VI, in which geniculocortical axons also terminate and where high densities of GABA somata and terminals are also found, further demonstrates the close correlation between GABA terminals and GABA, receptors and the spatial correlation between the GABA system and geniculocortical terminations in area 17. That the somata of GABA neurons tend to be most densely packed in thalamocortical recipient layers has been noted for several areas of monkey cerebral cortex (Hendrickson et al., 1981; Hendry et al., 1987; Schwartz et al., 1988) . From the present examination and that of Huntley et al. (in press) , it would appear that GABA, receptors are also densest within these layers. Only 1 major exception to the correlation of thalamic inputs and the GABA system was noted: in area 18, where thalamocortical axons from the pulvinar terminate in bands (Curcio and Harting, 1978) that are also stained for CO (Livingstone and Hubel, 1983) , GABA, receptors are more widely dispersed.
GABA, receptor immunostaining splits layer IV of area 18 into a superficial lightly stained band and a deep, intensely stained band. The same subdivision of layer IV was seen previously with 3H-flunitrazepam binding . These data suggest that the morphologically homogeneous layer IV of area 18 is made up of chemically distinct subdivisions.
GABA, receptor plasticity Elimination of activity in 1 retina of an adult monkey produces a rapid reduction in the number of neurons immunoreactive for GAD and GABA in deprived-eye columns of area 17 (Hendry and Jones, 1986,1988) . Because the total population of neurons remains intact within area 17 and the normal pattern of GABA immunostaining can be restored following a return to binocular vision, we interpreted the loss of immunoreactivity to result from an activity-dependent reduction in enzyme and neurotransmitter levels (Hendry and Jones, 1986, 1988) . These findings have implications for the present study in which the data are compatible with 2 possibilities: (1) the number of GABA, receptors on neurons in deprived-eye columns is reduced by loss of activity and by the accompanying reduction in presynaptic GABA levels; and (2) receptors in deprived-eye columns undergo a change in conformation that simultaneously alters their immunoreactivity and their ability to bind muscimol and benzodiazepines. These 2 possibilities, a reduction in receptor number or a reduction in receptor affinity, can be distinguished by further ligand-binding experiments, which are in progress.
Either of the 2 possible changes in GABA, receptors would likely reduce the effectiveness of GABA transmission in deprived-eye columns. In other parts of the CNS and in peripheral tissues, denervation or loss of afferent activity often leads to increased receptor number in the postsynaptic target (Lomo and Rosenthal, 1972; Frank et al., 1975; Creese et al., 1977; Biggio et al., 198 1; Drew et al., 1987) , and to supersensitivity to particular neurotransmitters (Trendelenburg, 1966; Ungerstedt, 197 1; Schwartz et al., 1978) . This is especially true for receptors to the neurotransmitter used by the removed or silenced afferent axons. The present observations indicate that a different response occurs for receptors to the neurotransmitter employed by a large population of interneurons in monkey area 17. However, since the density of GABA, receptors increases following the loss of afferent input to several regions of the CNS, including area 17 of monocularly deprived kittens (Skangiel-Kramska and Kossut, 1984; Shaw and Cynader, 1988; see, however, Mower et al., 1986 ) the effect seen in the monkey visual cortex cannot be generalized to all GABA, receptors or even to GABA, receptors throughout the cerebral cortex. Instead, the effect would appear to be a specific response to conditions found in area 17 of adult monkeys.
As was found previously for GABA and GAD immunostaining (Hendry and Jones, 1986, 1988) , changes in receptor immunostaining with monocular deprivation do not occur perfectly at the border between the 2 sets of eye dominance columns in layer IVC. Instead the greatest change both for GABA and receptor immunostaining takes place in the central two-thirds of the deprived-eye columns. These data suggest that the most profound changes in GABA transmission may occur at the centers of the deprived columns.
GABA is very likely the major inhibitory neurotransmitter in the mammalian cerebral cortex (Krnjevic, 1984) and most of the direct inhibitory actions are thought to be mediated through the bicuculline-sensitive GABA, receptor (Sillito, 1984) . Thus, . parallel reductions in GABA and GABA, receptors suggest that neuronal inhibition would be reduced within deprived-eye columns of adult monkeys. Such a mechanism may contribute to the functional expansion of ocular dominance columns (Hubel et al., 1977; LeVay et al., 1980) and the psychophysical changes in central visual processing (Harweth et al., 1983 (Harweth et al., , 1986 in adult monkeys following the removal of one eye, as well as to the functional plasticity that occurs in the first somatic sensory area of the adult monkey following surgical manipulations of the periphery Kaas et al., 1983) .
The present study is the first indication that neurotransmitter receptors remain plastic within the adult monkey visual cortex, although changes in the distribution of neurotransmitter receptors have been well documented for area 17 of normal and visually deprived kittens (Shaw et al., 1984; Aoki et al., 1986) . Certain types of receptors in cat area 17 have been localized to postsynaptic sites (van Huizen et al., 1988) while indirect evidence suggests that at least 1, the nicotinic receptor, is localized presynaptically on geniculocortical axon terminals (Prusky et al., 1987; Parkinson et al., 1988) . The changes we observed in Figure 9 . Digitized images of autoradiograms and CO-stained tangential sections through areas 17 and 18 of an enucleated monkey. A-C, Images of sections in which quantitative analyses were performed. Autoradiograms of 3H-muscimol (MUSC) and 3H-Aunitrazepam (FLU) binding and the same sections after CO staining were superimposed using an image analysis system. Normal-eye and enucleated-eye stripes were identified in the CO sections and counts were made of regions in the autoradiograms enclosed by the boxes. Similar counts were made from autoradiograms of 2 normal monkeys. A shows that, in addition to the changes in muscimol binding within layer IVC, binding in layer IVA (arrowheads) is greater than that of neighboring layers. D, 3H-muscimol binding in a tangential section that includes both areas 17 and 18. Differences in the density and pattern of binding marks the border (large arrow) between the 2 areas. Higher binding within normal-eye columns (smuil arrows) of area 17 is also evident. the distribution of GABA, receptors may have occurred only at postsynaptic sites or could have involved partly or entirely presynaptic sites, possibly also on geniculocortical axons. Evidence for either site is currently lacking and will require electron microscopic examination. Such precise localization of the receptor is important to determine which class or classes of neurons in the adult monkey visual system are directly or indirectly affected by visual deprivation.
Conclusions
The relative levels of immunostaining for GABA, receptors in the monkey visual cortex indicate that the density of these receptors varies not only across layers but also within certain layers of normal animals. The close correlation between the intensity of receptor immunostaining and the density of GABA terminals suggests that the synapses formed by most, if not all populations of GABA neurons in areas 17 and 18 are associated with GABA, receptors, as in the sensory-motor areas (Huntley et al., 1989) . The presence of the greatest density of receptors in the layers and sublaminar compartments receiving geniculocortical contacts is a further indication of the close correlation between the innervation by the excitatory thalamic afferents and the inhibitory GABA neurons. Finally, the changes in receptor immunostaining and ligand binding following the loss of retinal activity suggest that the density of GABA, receptors in area 17 is directly related to levels of neural activity.
